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I. INTRODUCTION 

1. Purpose of Investigation:- The results of investiga- 
tors have suggested upon morphological and physiological 
grounds the possibility that both sensory and motor cells are 
present in the autonomic (sympathetic) ganglia of vertebrates. 
The following study was undertaken for the purpose of testing 
this question by an examination of the Nissl bodies in the 
autonomic cells of a group of mammals. The group chosen was 
that of the rodents, the greater part of the material used be- 
ing obtained rou the rabbit. So far as can be learned, no 
one has ever attempted to obtain light on the problem in hand 
by means of a study of the Nissl bodies. Yet it is well known 
that sensory and motor cells in the cerebro-spinal nervous 
system can be distinguished by means of their Nissl bodies, 
the latter presenting a striking difference in appearance in 
the two kinds of cells. 

In fact, so little has been done in the autonomic system 
with the Nissl method that while working with this primary 
question in mind several others arose. Therefore, in making 
my investigations I have kept before me the following ques- 
tions: 

(1). Are both sensory and motor cells present in the 
trunk autonomic ganglia of the rabbit? 


(2). If so, how do they compare with reference to 
Nissl bodies with typical sensory cells in the dorsal 


root ganglia and with typical motor cells in the ventral 
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horn of the spinal cord? 

(3). How do cells in the cranial autonomic ganglia 
of the rabbit compare with cells in the trunk autonomic 
ganglia with respect to Nissl bodies? 

(4). How do cells in the trunk autonomic ganglia of 
the rabbit compare with cells in the same region in other 
rodents with reference to Nissl bodies and the number of 
their nuclei? 

I am indebted for much assistance to Dr. F. W. Carpenter, 


under whose guidance the work was done in the Zoological Lab- 


oratory of the University of Illinois. 


2. Historical Review:- A review of the literature upon 
the autonomic nervous system reveals the fact that very little 
has been done within the field outlined by the above questions. 

Dogiel (1896) described two types of cells in the auto- 
nomic ganglia of fishes, amphibians, reptiles, and mammals, 
viz., (a) cells with short, thick, much branched dendrites, 
and (b) cells with long, slender dendrites with few branches. 
Type a cells he thot were motor, and type b sensory. 

Michailow (1908) found in automomic ganglia five types of 
cells which differed from each other as to the nature of the 
endings of their dendrites. In the same year in another paper 
(1908a) he described six types of sensory nerve endings in 
autonomic ganglia, some of which he believed belonged to sens- 
ory cells in the ganglia. 


Muller (1909) observed two distinct kinds of cells in 
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the autonomic ganglia. Some cells had long, far-reaching, 
antler-like dendrites which gave them a star-fish appearance. 
These processes extended beyond the cell capsules. Other cells 
had a wreath of very small dendrites, which were bent hook-like, 
and which did not extend beyond the cell capsule, i.e., they 
were intracapsular, only the axiscylinder projecting beyond 
the capsule. 

The results of physiological experiments in the way of re- 


flexes in the autonomic ganglia would suggest that both sensory 


and motor cells are present. Langley and Anderson (1894) state 


that two cases of such reflexes have been established, one in 
the submaxillary ganglion of the dog (Claude Bernard), and an- 
other in the inferior mesenteric ganglion of the cat (Sokownin). 
Langley and Anderson themselves seem to have established a per- 
ipheral reflex in the inferior mesenteric ganglion. 

Finally, the manner in which the autonomic trunks develop 
in mammals offers a suggestion that both sensory and motor 
cells may be found in the vertebral ganglia and their deriva- 
tives, the prevertebral ganglia. Kuntz (1910), in a very in- 
teresting work with pig embryos, observed that cells which 
later form the autonomic trunk, its ganglia and derivatives, 
migrate both from the dorsal part of the neural tube and the 
dorsal root ganglion and from the ventral horn of the neural 
tube. He states, however, that the presence of sensory neu- 
rons in the autonomic trunks and prevertebral plexuses has not 


been demonstrated, and that Froriep, like Langley, K6élliker, 
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and P. Schultz, denies the existence of sympathetic sensory 
ee rons entirely. As to this point he concludes as follows: 
"Inasmuch as nervous elements which have the capacity to de- 
velop into neurons migrate peripherally along both the sensory 
and the motor nerve-roots, we are driven to the conclusion 
that the sympathetic excitatory elements migrate from the neu- 
ral tube along the fibers of the motor nerve roots, while the 
sympathetic sensory neurons, wherever such neurons exist, 
arise from cells which wander out from the cerebro-spinal 
ganglia. This interpretation makes the sympathetic neurons 
entirely homologous with the efferent and the afferent com- 
ponents of the other functional divisions of the peripheral 


nervous system." 
II. MATERIAL AND METHODS 


Autonomic ganglia from the rabbit, rat, mouse, thirteen- 
lined spermophile, prairie dog, guinea pig, muskrat, and por- 


cupine were examined. For all comparative studies ganglia 


from different regions in the same animal were used. All of 
the animals were healthy, normal adults which had enjoyed a 
long period of rest before they were killed. 
1. Fixation:- Material was dissected from the animals im- 
mediately after they had been killed by means of chloroform. 


Three different methods were used for fixing: 


a. 80 parts of 100% alcohol and 20 parts of glacial 


acetic acid - - - - - 15 minutes 
90 parts of 100% alcohol and 10 parts of glacial 
acetic acid - - - - - 15 minutes 


100% aleohol - - - - - = 


to 18 hours 
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b. 40% formalin - -------- 48 hours 
Wash in water 
40%, 70%, 95% alcohol- - - - - 1 min. each 
100% alcohol - - ------ - 1 ‘hour 


Xylol - -- --------- 


Corrosive sublimate (saturated aqueous solution) 
leave in until tissue becomes opaque. 

Wash several hours in water containing a small 

amount of tincture of iodine. 


40%, 70%, 95% alcohol- - - - - 1 min, each 
100% alcohol - - - - - - - - - 1 hour 


Xylol and melted paraffin (equal parts) - 1 hour. 


2. Imbedding:- All material was imbedded in paraffin. I 
found that paraffin melting at 50--53. was the most satisfac- 
tory grade to use. The ganglia were transferred directly from 
xylol or xylol and paraffin to melted paraffin, and left in 
the latter for one hour. They were then imbedded in the usual 
way. 

3. Sectioning:- The material was cut in sections varying 
inthickness from 2 to 10 micra. For the purposes of this in- 
vestigation sections 10 micra thick were found most satisfac- 
tory. 

4. Staining:- Several modifications of the Nissl method 
of staining were tried: 


a. A methylene blue stain was made as follows: 


Methylene blue - - - - - 375 
Venetian soap - - - - - Sopa 
Distilled water - - - - 1 liter 


This was allowed to stand for three or four 
months before it was used. 
The sections were fastened to slides by means 


of albumen fixative, and brot down in the usual way to 


Be ih 7 i. 
w¥D x bed RPA Py! 
i ry ae 


mi) 
r.¢ 


Woe tys) besacarae } oe «ys 5 0h Ov ete he : 
vi 2€ mad wy ). Cy eee wei «GAel ye 
4 4 woe “eter. 62 Sopot See apie : 


ar e Tarps Atue Oty iG ee 
{ : [ a) > . nt ue te ns 


- ee Me - eT ayer gi ie a 
rhs nirpe ) et Dawe ay Coe. hile ‘Lory ‘ Sia : 
bheogt eae Lutrehe Abe | 
f q ; Pit helt Lee 
PY) TO TROL) eo ‘futien’ edt 


=" 4 


re 
jeu b> dabep ‘ i iy & feet’ ore? - a 


Ne «y* mena " etoimO£ -omok ee rt 


Sonto j Lit Be Pann? ti Fai Fa% eyed ‘antennal 


hedld> betel 


<< + 7 «) yr eee ned OS haa 
: “~~ «in — 900 Titties 
“eet = +) ot Rae a | ee 
on eetdd «od baode ih Pere aay 


sf diaaks gas Raye «tam 


dh aeteb oe ar 


ep sj il 9 ee ee 


water thru xylol and the alcohols. Some of the above 


staining fluid was then heated to steaming in a flask, 
and poured upon the sections on the slides. The stain 
was allowed to act for from 4 to 6 minutes, and was 
then poured off, and the slides flooded with anilin 
alcohol (9 parts of 95% alcohol, and 1 part of anilin 
oil). This differentiation fluid was permitted to re- 
main on the slides until the sections had assumed a 
pale blue color. The anilin alchhol was then drained 
off, and the slides were put into 95% alcohol for 1 
minute, and then transferred to 100% for the same length | 
of time. The sections were finally cleared in xylol, 
and mounted in Canada balsam. 

A counterstain of eosin or erythrosin (Aqueous 
solution) was sometimes introduced just after the dif- 
ferentiation had taken place. 

b. Sections on slides were brot down thru xylol and 
the alcohols to water. A cold, saturated, aqueous sol- 
ution of thionin was then poured upon the slides and 
allowed to remain for from three to five minutes. The 
stain was then poured off, and the sections were taken 
thru the alcohols rather rapidly, about 1/2 minute in 
each grade being sufficient. The alcohol acts as a 
differentiating agent, and care must be taken not to 
leave the sections in it too long, else the stain will 


be entirely removed. 


Xylol, clove oil, or cajeput oil were used for 
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clearing agents. Mounts were made in Canada balsam. 

A counterstain of eosin or erythrosin was oc- 
casionally used just after the thionin solution had 
been poured off. 


e. This method was the same in all respects as 


method b, excepting that a cold, saturated, aqueous 


solution of toluidin was used instead of thionin. 

d. Sections affixed to slides were brot down in the 
usual manner to water. A cold, saturated, aqueous 
solution of basic fuchsin was left on them for from 
3 a6 5 minutes. This was poured off, and the slides 
were taken up thru the alcohols. The latter act as 
differentiating agents. The sections were cleared in 
xylol, and mounted in Canada balsam. 

e. & £. These methods were identical with method d, 
excepting for the fact that either neutral red or 
magenta was used in place of basic fuchsin. 

Methods a, b, and ¢c stain the Nissl bodies blue. I found 
that thionin brot out the Nissl bodies more clearly than the 
other two dyes. Material fixed in the three different reagents 
(acetic-alcohol, formalin, and corrosive sublimate) was used 
with each stain, and my results showed no perceptible difference 
due to fixation. Counterstains assisted in setting off the 
Nissl bodies by furnishing a colored background for a contrast. 

Methods d, e, and f stain the Nissl bodies red. I did not 


find these stains at all satisfactory. They do not differen- 
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tiate the bodies distinctly. 


III. OBSERVATIONS 


autonomic ganglia of the rabbit:- It is well known that in the 
cerebro-Spinal nervous system the Nissl bodies in sensory cells 
present an appearance, both as to size and arrangement, entire- 
ly different from that seen in motor cells. Tigures 1 and 2 
illustrate typical sensory cells. The former is a cell from a 
dorsal root ganglion of the rabbit, and the latter from the 
Gasserian ganglion of the same animal. The Nissl bodies of 
sensory cells range in size from very fine granules to rather 
large bodies. They have clean-cut, distinct outlines, and the 
larger ones are triangular in shape. The fine granules and 
large bodies are intermingled and scattered evenly thruout the 
entire area of the cell-body from the nuclear wall to the cell 
boundry. None oceurs in the nucleus. Barker (1901) refers to 
circular areas in spinal ganglion cells which do not have many 
Nissl bodies, causing a distinct clear space. These clear 
areas may be one to three in number and are about the same size 
as the nucleus, or larger. However, I failed to find any such 
areas in my preparations. 

The condition found in motor cells is quite different. 
Figures 3 and 4 represent typical motor cells; both are from 
the ventral horn of the spinal cord of the rabbit. The Nissl 
bodies in all motor cells are large, coarse masses, somewhat 


oval in shape, arranged more or less concentrically. The out- 
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lines are not so clean-cut as those of Nissl bodies in sensory 
cells. The bodies are fairly uniform in size, i.e., there is 
no gradation from fine granules to large bodies as is to be 
found in sensory cells. There may often be seen suggestions of 
fusion of Nissl bodies. 

For the purpose of determining, if possible, whether or 
not typical sensory and motor cells as described above are 
present in the trunk autonomic ganglia of the rabbit preparations 
were made from thoracic, superior mesenteric, and coeliac ganglia.| 
Among the hundreds of cells whieh they contain there do not seem | 
to be any which can be classified as sensory cells on the basis 
of their Nissl bodies. On the contrary, all of the cells pos- 
sess the characteristics, so’ far as Nissl bodies are concerned, 
of typical motor cells. In none are there present gradations 
from fine granules to large, triangular Nissl bodies with clean- 
cut, distinct outlines; nor can there be seen the circular, 
clear areas mentioned by Barker as characteristic of dorsal root 
ganglion cells. Also, the bodies are not distributed evenly 
thruout the cell. They are all large and coarse, more or less 
oval in shape, and show suggestions of concentric arrangement 
in the cell (Figs. 5-10). 


2. Comparison of cells in trunk autonomic ganglia of the 
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of the points of similarity and difference shown by the cells 


from these three sources have already been mentioned. However, 


the cells of the trunk autonomic ganglia of the rabbit differ 
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from the cells of both the ventral horn and dorsal root ganglia 


in two more very important respects, viz., (a) the peripheral 


arrangement of the Nissl bodies, and (b) the presence of cells 


with two nuclei. In fact, under the microscope a field of auto- 


nomic cells may be distinguished from a field of cells in the 
dorsal root ganglion or ventral horn of the spinal cord by 
either or both of these two characteristics. 

In cells of both the dorsal root ganglia and the ventral 
horn the Nissl bodies, as has already been explained, are dis- 
tributed all over the cell from the wall of the nucleus to the 
periphery. But in the cells of the trunk autonomic ganglia the 
Nissl bodies are arranged around the periphery of the cell with 
only a few scattered in the more central area and around the 
wall of the nucleus (Figs. 5-10). This arrangement was found to 
obtain in almost all cells which showed an optical section thru 
the center in the long axis. Occasionally cells were found in 
which the peripheral arrangement was not pronounced, and the 
Nissl bodies were distributed fairly evenly thruout the cell- 
body. Figures 7 and 8 represent two such cells. Figure 7 is a 
‘cell at the periphery of the ganglion. In this region the cells 
are elongated and are much more heavily stained than the cells 
in the central part of the ganglion. As they enter the pro- 
cesses of the cell, the Nissl bodies assume a spindle-like form 
and become rather evenly distributed thruout the width of the 


process. The literature upon the subject so far examined con- 


tains only one record of the observation of the characteristic 
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peripheral arrangement of the Nissl bodies in autonomic gan- 


-glion cells. Eve (1896) mentions this peculiar distribution 


in a study of the "basophil particles" in the sympathetic gan- 
glia of the rabbit. 

The second characteristic by means of which a field of 
cells in the trunk autonomic ganglia may be distinguished un- 
der the microscope from a field in the ventral horn or the 
dorsal root ganglia is the presence of many cells with two nu- 
clei (Figs. 6-9). Estimated roughly, about one-third of the 
cells in a given field have two nuclei. No binucleate cells 
were found in either the ventral horn or dorsal root ganglia. 
However, Apolant (1896) reports cells with two nuclei as oc- 
curring occasionally in the dorsal root ganglia of the rabbit. 
He also found very rarely cells in the coeliac ganglion with 
three nuclei. I did not see in any of the trunk ganglia 2 
single cell in which three nuclei could be definitely deter- 
mined, altho I did see two cells which suggested a trinucleate 


condition. 


ee 


this study cells of the otic, ciliary, spheno-palatine, thor- 
acic, superior mesenteric, and coeliac ganglia from the same 
rabbit were used. 

The Nissl bodies of the cranial ganglion cells are like 
those of the trunk ganglion cells in respect to size, shape, 


and peripheral arrangement (Figs. 11, 12, 13). On the basis 
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of the size and arrangement of the Nissl bodies all of the 
ate in these three cranial ganglia seem to be motor. There 
is one point of difference in distribution of the bodies which 
is quite striking and constant. In the majority of the cran- 
ial ganglion cells showing an optical section thru the center 
in the long axis there is a rather large area immediately sur- 
rounding the nucleus which contains very few, if any, Nissl 
bodies. Such a clear area is not evident in the cells of the 
trunk ganglia, since in the latter there are quite a number of 
bodies scattered immediately around the nucleus. 

Another decidedly marked dissimilarity between the cells 
of the cranial ganglia and those of the trunk ganglia is found 
in the number of nuclei. As previously stated, binucleate 
cells are numerous in the trunk ganglia. In contrast to this 
condition, not a single cell possessing two nuclei was found 
in any of the cranial ganglia. Apolant (1896) reports that 
he once found a binucleate cell in the otic ganglion of the 


rabbit. 


of the cells from the trunk autonomic ganglia of the rat, mouse, 


thirteen-lined spermophile, prairie dog, muskrat, guinea pig, 
and porcupine show the same general condition of Nissl bodies 
as is found in the cells of the trunk autonomic ganglia of the 
rabbit, and upon the basis of the Nissl bodies all of the cells 


seem to be motor. 
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In rat, mouse, spermophile, and prairie dog only cells 
with one nucleus each were found. Apolant examined the auto- 
nomic ganglia of the rat, mouse, and squirrel, and states that 
it was an exception to find a cell with two nuclei, thus lead- 
ing one to infer that he occasionally found binucleate cells 
in these animals. He reports that the guinea pig shows the 
same condition as the rabbit. I found that the trunk auto- 
nomic ganglia of guinea pig, muskrat, and porcupine contain 
many cells which have two nuclei. From the following table, 


which was compiled by examining fields of cells under the mi- 


croscope at random from yarious regions, it will be seen that 


the rabbit possesses the greatest number of binucleate cells, 
with the guinea pig, muskrat, and porcupine following in the 


order in which they are named. 
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Table I. 


Rabbit Guinea pig Muskrat Porcupine 


Ganglion Bi- Uni- Bi- Uni- Bi- Uni- Bi- Uni- 
nmuecl mnuel nuel nuel mnucl nuel nuecl nuel 


Thoracic 

Field 1 16 40 15 43 40 3” 
be 2 25 oe 14 40 88 26 
5 LY 36 15 34 on 27 

cs 4 a) 42 Ly 36 36 32 


" 


10 ol 
10 33 
14 355 
12 28 


LT 335 
12 35 
13 43 
14 34 


Cells having two nuclei have been reported in both the 
cerebro-spinal and autonomic nervous systems of other animals, 
viz., the cat, frog, dog, man. But in none have they been 
found to be as numerous as in the four animals named in the 


above table. 
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Fields in the thoracic ganglion only were studied for all 


four of the animals. The percentage of binucleate cells in 


these fields may be expressed as follows: 


Total Total Percent. of 
binucleate uninucleate binucleate 
cells cells cells 
Rabbit 61 150 28.91 
Guinea Pig 61 153 28.50 
Muskrat 27 196 12.10 
Porcupine 14 122 10.29 
IV. SUMMARY 


1. A study of the cells in the autonomic ganglia of the 
rabbit by the Nissl method seems to indicate that only motor 
cells are present in these ganglia. 

2. A comparison of cells in the trunk autonomic ganglia 
with cells in the dorsal root ganglia and the ventral horn of 
the rabbit reveals the fact that the autonomic cells resemble 
the cells of the ventral horn (motor) with respect to the 
Nissl bodies. Many binucleate cells were found in the auto- 
nomic ganglia, while no cells with two nuclei were seen in 
either the dorsal root ganglia or the ventral horn. 

Se The Nissl bodies in the cells of the trunk autonomic 
ganglia of the rat, mouse, spermophile, prairie dog, guinea 
pig, muskrat, and porcupine are in every respect like those 


in the cells of the same region in the rabbit. The cells all 


seem to be motor. 


ii 5} ee 
sel cata ot he. life oa 
ee Rd 


ti 
t 
‘ 
ip 
f 
’ 
» > 
, ’ 
- as he 
Me 
Pe ’ ‘ 
' we 
oil 
: 
& , 
A en ti } rv Ley! ey é x 


7 ' 
\ +s 
‘ me 1) c 


; 8 ¢ wat 3 Ei 
ob nee aOae lie Pe ae 
nm > a Rod Copa er? At 


- 28 OC vagal: Po A 


16 


4, The cells in the cranial autonomic ganglia of the rab- 
bit differ from those in the trunk autonomic ganglia in that 
they have, immediately surrounding the nucleus, a clear area 
which is almost, if not entirely, without Nissl bodies. 

5. The cells in the cranial autonomic ganglia of the rab- 
bit have but one nucleus each. 

6. As is the case with rabbit, many cells in the trunk 
autonomic ganglia of the guinea pig, muskrat,and porcupine have 


two nuclei eath. 


". No binucleate cells were found in the trunk autonomic 


ganglia of the rat, mouse, thirteen-lined spermophile, and 


prairie dog. 
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VI. EXPLANATION OF PLATES 


All figures are of autonomic ganglion cells from the rab- 


bit, stained by the Nissl method. 
All drawings were made with the camera lucida at a mag- 
nification of 1250 diameters. Plates I and II are photographs 


of the original drawings, reduced approximately one-half. 
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Plate I. 


sensory cell from a dorsal root ganglion. 


Sensory cell from the Gasserian ganglion. 
Motor cells from the ventral horn of the 
Spinal cord, showing evidence of the fusion 
of Nissl bodies. 

Typical motor cells from the ventral horn. 
Typical autonomic ganglion cell from a thor- 
acic ganglion, showing the peripheral ar- 
rangement of the Nissl bodies. 

Cell from a thoracic ganglion showing two 


nuclei. 
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Plate II. 


Pigs. 7 and 8. Cells from a thoracic ganglion which do 
not show the characteristic peripheral 
arrangement of the Nissl bodies. 

Cell from the superior mesenteric ganglion 


showing two nuclei. 


Typical cell from the coiliac ganglion show- 


ing the peripheral arrangement of the Nissl 
bodies. 

Typical cell from the otic ganglion. 
Typical cells from the ciliary ganglion. 
Typical cells from the spheno-palatine gan- 


glion. 


Figures 11, 12, and 13 show the peripheral arrange- 
ment of the Nissl bodies and the clear area surrounding 
the nucleus which is characteristic of the cranial auto- 


nomic ganglion cells. 
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